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To all whom it may concern: 



Be it known that, Brian Darling, Chuan Weng and James D. Nye have 
invented certain new and useful improvements in 



COOLING CIRCUIT APPARATUS AND METHOD 



of which the following is a description: 



Docket No. 87334.5980 PATENT 
Customer No. 30734 

-1- 

COOLING CIRCUIT APPARATUS AND METHOD 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to the field of 
refrigerated cabinets. More particularly, the present invention relates to an 
apparatus and method for providing a cooling circuit for use with a refrigerated 
cabinet, such as a refrigerator and/or freezer, that efficiently maintains a precise 
or stable refrigerated cabinet temperature, thereby reducing air pressure 
fluctuations within the interior of the refrigerated cabinet. 



BACKGROUND OF THE INVENTION 

[0002] Currently, refrigerated cabinets such as refrigerators and/or 
freezers, generally employ a single vapor-compression circuit to cool or maintain the 
temperature of the refrigerated cabinet. Typically, the refrigeration circuit uses a 
refrigerant or coolant gas which is cycled through the refrigeration circuit. During 
the cooling process, the refrigerant or coolant gas is compressed in a compressor unit 
causing the coolant to become hot. The heat generated by the aforementioned 
compression is then removed generally by passing the compressed gas through a 
water or air cooled condenser coil. The cooled, condensed liquid is then allowed to 
rapidly expand into an evaporating coil where the expanded gas becomes much 
colder, thus cooling the coil and the cabinet around which, or within which, the 
evaporating coil is placed. 

[0003] Refrigerated cabinets employing vapor-compression circuits or 
systems similar to the circuit or system described above, are typically designed to 
cycle the vapor-compression circuit or system on and off in order to hold or maintain 
the cabinet temperature at a desired setting. Oftentimes, the aforementioned on and 
off cycling of the vapor-compression circuit or system may cause strain on the 
system's mechanical components such as the compressor. This cycling may also 
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cause temperature fluctuations within the cabinet, and hence, air pressure 
fluctuations, within the cabinet. These temperature fluctuations often times cause 
undesired frost formation within the cabinet due to the pressure differential between 
the interior of the refrigerated cabinet and the outside environment, as a result of the 
varying cabinet air temperatures. 

[0004] One current method for reducing the likelihood of the above- 
described temperature fluctuations includes adding a liquid refrigeration bypass 
circuit to the vapor-compression circuit. The bypass circuit allows for a portion of 
the liquid refrigerant or coolant to circumvent or bypass the evaporator, thus 
modulating the refrigerant or coolant flow capacity into the evaporator. This 
modulation of the flow of the liquid refrigerant or coolant into the evaporator causes 
the interior refrigerated cabinet temperature to be more stable thereby causing the air 
pressure within the cabinet to be more stable. Moreover, the aforementioned method 
allows for the compressor to run continuously and not cycle on and off. 

[0005] The aforementioned method for addressing temperature 
fluctuation with refrigerated cabinets has drawbacks however. Due to the bypass 
circuit, the compressor runs constantly, causing the refrigerated cabinet to consume 
more energy than a refrigerated cabinet that employs a compressor that cycles on and 
off. Moreover, due to the constant operation of the compressor, operational noise 
levels of the refrigerated cabinet are increased. 

[0006] Accordingly, there is a need in the art to provide a cooling circuit 
apparatus and method for use with refrigerated cabinets and the like, that allows for 
efficient, precise temperature control. Also, there is a further need for a cooling 
circuit apparatus and method for use with refrigerated cabinets that have a refrigerant 
or coolant bypass feature that may be activated and inactivated as desired. 
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SUMMARY OF THE INVENTION 

[0007] The foregoing needs are met, to a great extent, by the present 
invention, wherein in one aspect, a cooling circuit for use with a refrigerated cabinet 
is provided. The cooling circuit includes a compressor and a condenser, wherein a 
first flow path extends between the compressor and the condenser. The cooling 
circuit also includes an evaporator, wherein a second flow path extends between the 
condenser and the evaporator. The cooling circuit additionally includes a suction 
accumulator and a third flow path that extends between the evaporator and the 
suction accumulator. A fourth flow path extends between the suction accumulator 
and the compressor. The cooling circuit further includes a coolant bypass that 
extends between the second flow path and the third flow path. The coolant bypass 
includes a fifth flow path and a flow control valve. Finally, the cooling circuit 
includes a switch that switches the cooling circuit between a cycling mode and a non- 
cycling mode. 

[0008] In accordance with another embodiment of the present invention, a 
cooling circuit through which coolant flows, for use with a refrigerated cabinet is 
provided. The cooling circuit includes a compressor and a condenser, wherein a first 
flow path extends between the compressor and the condenser. The cooling circuit 
also includes an evaporator, wherein a second flow path extends between the 
condenser and the evaporator. The cooling circuit additionally includes a suction 
accumulator and a third flow path that extends between the evaporator and the 
suction accumulator. A fourth flow path extends between the suction accumulator 
and the compressor. The cooling circuit further includes a coolant bypass that 
extends between the first flow path and the second flow path. The coolant bypass 
includes a fifth flow path and a flow control valve. Finally, the cooling circuit 
includes a switch that switches the cooling circuit between a cycling mode and a non- 
cycling mode. 
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[0009] In accordance with still another embodiment of the present 
invention, a cooling circuit through which coolant flows, for use with a refrigerated 
cabinet is provided, comprising: means for providing a cooling circuit through which 
coolant flows, comprising: a compressor; a condenser, wherein a first flow path 
extends between a said compressor and said condenser; an evaporator, wherein a 
second flow path extends between said condenser and said evaporator; a suction 
accumulator, wherein a third flow path extends between said evaporator and said 
suction accumulator and wherein a fourth flow path extends between said suction 
accumulator and said compressor; a coolant bypass that extends between said second 
flow path and said first flow path, wherein said coolant bypass comprises a fifth flow 
path and a flow control valve; and a switch that switches the cooling circuit between 
a cycling mode and a non-cycling mode; means for selecting a desired air 
temperature for the refrigerated cabinet; and means for selecting an operating mode 
from the cycling mode and the continuous mode using the switch. 

[0010] In accordance with yet another embodiment of the present 
invention, a method for cooling a refrigerated cabinet, comprising the steps of: 
providing a cooling circuit through which coolant flows, comprising: a compressor; a 
condenser, wherein a first flow path extends between said compressor and said 
condenser; an evaporator, wherein a second flow path extends between said 
condenser and said evaporator; a suction accumulator, wherein a third flow path 
extends between said evaporator and said suction accumulator and wherein a fourth 
flow path extends between said suction accumulator and said compressor; a coolant 
bypass that extends between said second flow path and said first flow path, wherein 
said coolant bypass comprises a fifth flow path and a flow control valve; and a switch 
that switches the cooling circuit between a cycling mode and a non-cycling mode; 
selecting a desired air temperature for the refrigerated cabinet; and selecting an 
operating mode from the cycling mode and the non-cycling mode using the switch. 
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[0011] There has thus been outlined, rather broadly, certain embodiments 
of the invention in order that the detailed description thereof herein may be better 
understood, and in order that the present contribution to the art may be better 
appreciated. There are, of course, additional embodiments of the invention that will 
be described below and which will form the subject matter of the claims appended 
hereto. 

[0012] In this respect, before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is not limited in its 
application to the details of construction and to the arrangements of the components 
set forth in the following description or illustrated in the drawings. The invention is 
capable of embodiments in addition to those described and of being practiced and 
carried out in various ways. Also, it is to be understood that the phraseology and 
terminology employed herein, as well as the abstract, are for the purpose of 
description and should not be regarded as limiting. 

[0013] As such, those skilled in the art will appreciate that the conception 
upon which this disclosure is based may readily be utilized as a basis for the 
designing of other structures, methods and systems for carrying out the several 
purposes of the present invention. It is important, therefore, that the claims be 
regarded as including such equivalent constructions insofar as they do not depart 
from the spirit and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic view of a cooling circuit apparatus for use 
with a refrigerated cabinet in accordance with an embodiment of the present 
invention. 
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[0015] FIG. 2 is a schematic view of a cooling circuit apparatus for use 
with a refrigerated cabinet in accordance with an embodiment of the present 
invention. 

[0016] FIG. 3 is a schematic view of a cooling circuit apparatus for use 
with a refrigerated cabinet in accordance with an alternative embodiment of the 
present invention. 

[0017] FIG. 4 is a schematic view of a cooling circuit apparatus for use 
with a refrigerated cabinet in accordance with an alternative embodiment of the 
present invention. 

DETAILED DESCRIPTION 

[0018] Various preferred embodiments of the present invention provide 
for a cooling circuit apparatus and method for use with a refrigerated cabinet. The 
cooling circuit apparatus and method provides the benefits of both a cycling and non- 
cycling compressor system in a single unit. In some arrangements, the cycling mode 
of the cooling circuit apparatus and method is utilized while in other arrangements 
the non-cycling mode of the cooling circuit apparatus and method is utilized. It 
should be understood, however, that the present invention is not limited in its 
application to refrigerated cabinets, but, for example, can be used with other 
temperature control cabinets or apparatuses that require precise temperature and/or 
precise air pressure control. Preferred embodiments of the invention will now be 
further described with reference to the drawing figures, in which like reference 
numerals refer to like parts. 

[0019] Referring now to the figures, FIGS. 1-4 illustrate a cooling circuit 
apparatus, generally designated 10, for use with a refrigerated cabinet in accordance 
with an embodiment of the present invention. The cooling circuit apparatus 10 
includes a compressor 12 that is connected to a condenser 14 via a conduit or tubing 
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section 15, and a first expansion device 16. The condenser 14 and the first expansion 
device 16 are connected via a conduit or tubing section 18. The cooling circuit 
apparatus 10 also includes an evaporator 20 that is connected to the first expansion 
device 16 by way of a conduit or tubing section 22. The evaporator 20 is also 
connected to a suction accumulator 24 through a conduit or tubing section 26. As 
illustrated in FIGS. 1-4, the suction accumulator 24 connects to the compressor 12 
via a conduit or tubing 28 to complete the cooling circuit 10. 

[0020] As depicted in FIGS. 1-4, the cooling circuit apparatus 10 
additionally includes a coolant bypass, generally designated by reference numeral 30, 
a selectable toggle switch 32 and a controller 33. The selectable toggle switch 32 
functions to switch the cooling circuit 10 between a cycling mode and a non-cycling 
mode. The controller 33 is a standard controller known in the art, utilized to control 
and maintain the temperature of refrigerated cabinets and the like. The controller 33 
receives inputs from a temperature sensor 35 which communicates with the controller 

35. The temperature sensor 35 can be positioned at varying locations along the 
cooling circuit apparatus 10. The temperature sensor 35 sends inputs to the controller 
33 and in response to these inputs, the controller 33 activates or deactivates the 
coolant bypass 30. The selectable toggle switch 32 preferably switches the operation 
of the cooling circuit apparatus 10 between a compressor cycling mode and a 
compressor non-cycling mode. 

[0021] In embodiments depicted in FIGS. 1 and 2, the coolant bypass 30 
extends between conduit section 18 and conduit section 26, while in the 
embodiments depicted in FIGS. 3 and 4 the coolant bypass 30 extends between 
conduit section 22 and conduit section 16. The coolant bypass 30 includes a flow 
control valve 34, for example, a solenoid valve 34 and a second expansion device 

36. The solenoid valve 34 can be activate and inactivated by the controller. As 
illustrated in FIGS. 1-4, the coolant bypass 30 includes conduit or tubing sections 38, 
similar to those previously described, that combine to form the coolant bypass 30. 
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[0022] In the embodiment illustrated in FIGS. 1 and 2, the coolant bypass 
30 reduces the amount of coolant flow that enters the evaporator 20, or enables the 
coolant flow to bypass the evaporator 20, when the coolant bypass 30 is activated. 
Alternatively, in the alternative embodiment depicted in FIGS. 3 and 4, the coolant 
bypass 30 reduces the amount of coolant that enters the condenser 14, or enable the 
coolant flow to bypass the condenser, when activated. 

[0023] As depicted in FIGS. 1-4, the compressor 12 is preferably any 
standard compressor known in the art that compresses gas or vapor. The compressor 
12 functions to compress coolant vapor and/or a coolant vapor/liquid mixture that it 
receives from the suction accumulator 24. This compression causes the coolant to 
become extremely hot. The compressor 12 also functions to propel the coolant 
through the cooling circuit apparatus 10. The compressor 12 is connected to the 
evaporator 16 by the conduit or tubing section 16. The conduit or tubing section 16 
is preferably refrigeration conduit, and may be constructed from any material suitable 
for refrigeration, for example stainless steel or copper, however alternative materials 
may be utilized. 

[0024] As illustrated in FIGS. 1-4, the condenser 14 is preferably any 
standard condenser known in the art. For example, the condenser 14 may be a water 
cooled condenser and/or an air cooled condenser. The condenser 14 functions to 
remove some of the heat contained in the hot compressed coolant. The condenser 14 
is connected to both the cooling bypass 30 and the first expansion device 16 via the 
conduit or tubing section 18. The conduit or tubing section 18 is preferably 
refrigeration conduit, and may be constructed from any material suitable for 
refrigeration, such as stainless steel or copper, however alternative materials may be 
utilized. 

[0025] The first expansion device 16 is preferably a metering device or 
pressure reducing valve such as a thermal expansion valve, a capillary tube and/or a 
needle valve. The first expansion device functions to modulate or control the flow of 
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coolant into the evaporator 20. As depicted in FIGS. 1-4, the first expansion device 
16 is connected to the evaporator 20 by the conduit or tubing section 22. The conduit 
or tubing section 22 is preferably refrigeration conduit, and may be constructed from 
any material suitable for refrigeration, such as stainless steel or copper, however 
alternative materials may be utilized if desired. 

[0026] The evaporator 20 is preferably any standard evaporator known in 
the art, such as a static cold wall evaporator or a forced air evaporator. The 
evaporator 20 functions to remove heat from the environment within which or around 
which, the evaporator is located. The evaporator 20, as illustrated in FIGS. 1-4, is 
connected to the suction accumulator 24 by the conduit or tubing section 26. The 
conduit or tubing section 26 is preferably refrigeration conduit, and may be 
constructed from any material suitable for refrigeration, such as stainless steel or 
copper, however alternative materials may be utilized. 

[0027] As illustrated in the figures, the suction accumulator 24 is located 
between evaporator 20 and the condenser 12 and is essentially a vessel or container 
that functions to collect or accumulate any residual coolant fluid the exits the 
evaporator 20. The suction accumulator additionally functions to allow coolant 
vapor that exits the evaporator 20 to pass onto the condenser 12. The suction 
accumulator 24 preferably includes a return (not pictured) that can be connected to 
either the compressor 12 or the conduit section 28. The return allows a minimal 
amount of liquid coolant that has collected in the suction accumulator, to mix with 
coolant vapor and return to the compressor 12 to be compressed. The suction 
accumulator 24 is connected to the compressor 12 via the conduit or tubing section 
28. The conduit or tubing section 28 is preferably refrigeration conduit, and may be 
constructed from any material suitable for refrigeration, such as stainless steel or 
copper, however alternative materials may be utilized. 

[0028] Referring now to FIGS. 1 and 2 and the embodiment illustrated 
therein, as previously mentioned, the bypass 30 extends between conduit section 18 
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and conduit section 26 and enables a majority of the coolant to bypass the first 
expansion device 16 and evaporator 20. As illustrated in FIGS. 1 and 2, the coolant 
bypass 30 includes a solenoid valve 34 that controls the flow of coolant through the 
coolant bypass 30. The coolant bypass 30 also includes a second expansion device 
36. The second expansion device 36 is similar to the first expansion device 16 in that 
it is preferably a metering device or pressure reducing valve such as a thermal 
expansion valve, a capillary tube and/or a needle valve. The second expansion 
device 36 however differs from the first expansion device 16 because it is less 
restrictive than the first expansion device 16. By less restrictive it is understood that 
the second expansion device 36 applies lesser resistance to the flow of coolant, and 
therefore the coolant flows through the second expansion device 36 more easily. 
Therefore, when the solenoid valve 34 is activated, a majority of coolant will follow 
the path of lowest resistance and flow through the coolant bypass 30. 

[0029] Continuing to refer to FIGS. 1 and 2, the cooling circuit apparatus 
10 is depicted in the continuous run position or non-cycling compressor mode. By 
continuous run position or non-cycling compressor mode, it is understood that the 
end user desires to achieve full cooling and maintain a stable interior cabinet air 
temperature and air pressure. In this position, the selectable toggle switch 32 is set to 
a first position, where in this first position, the compressor 12 runs continuously. 
Also, while in this first position, the solenoid valve 34 is initially deactivated while 
the cooling circuit operates to achieve the desired set temperature. 

[0030] During operation of the cooling circuit apparatus 10 in the 
continuous run position, the end user first selects a desired temperature via the 
controller 33. During operation, the coolant vapor is compressed in the compressor 
12 and it then flows to the condenser 14 through conduit 16, as indicated by the 
arrows 40. As previously described, at the condenser 14, some of the heat is removed 
from the coolant and the coolant is condensed. The coolant then proceeds to flow 
through conduit section 18 and on through the first expansion device 16 as indicated 
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by arrows 42. As previously mentioned, the solenoid valve 34 is closed at this stage 
of the continuous run position and therefore all of the coolant proceeds to flow into 
the evaporator 20, providing full cooling to the to the interior environment to the 
refrigerated cabinet. The coolant then proceeds through the conduit section 26 to the 
suction accumulator 24, as indicated by the arrow 46, where it then proceeds to return 
to the compressor 12. 

[0031] Referring now to FIG. 2, once the desired interior cabinet 
temperature is obtained, the controller 33 activates the solenoid valve 34 allowing 
coolant to flow through the coolant bypass 30 as illustrated. As discussed above, the 
second expansion device 36 is less restrictive than the first expansion device 16 and 
therefore a majority of the coolant flows through the coolant bypass, bypassing the 
evaporator 20. 

[0032] Due to the aforementioned flow of coolant through the bypass 30, 
the amount of coolant that enters the evaporator 20 is significantly reduced, thus 
causing the temperature of evaporator 20 to rise. Meanwhile, the liquid coolant 
flowing through the coolant bypass 30 flows through the solenoid valve 34 and 
second expansion device 36 and into the suction accumulator 24 as indicated by 
arrows 46. Once the coolant enters the suction accumulator 24, it mixes with the 
incoming coolant flow from the evaporator 20. Due to the coolant bypass 30 and the 
aforementioned mixing of the coolant, the combined coolant vapor that enters the 
compressor is cold and beneficial to compressor 12 longevity. 

[0033] Referring now to FIGS. 3 and 4 in this embodiment, once the 
desired interior cabinet temperature is obtained, as described above, the controller 33 
again activates the solenoid valve 34, allowing coolant to flow through the coolant 
bypass 30 as illustrated in FIG. 4. Again, the second expansion device 36 is less 
restrictive that first expansion device therefore a majority of the coolant flows 
through the coolant bypass 30, bypassing the condenser 14. 
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[0034] The cooling circuit apparatus 1 0 configuration illustrated in FIG. 4 
allows for a portion of hot, non-condensed coolant gas to flow through the bypass 30, 
including the solenoid valve 34 and second expansion device 36, directly into the 
evaporator 20. This hot, non-condensed coolant gas then mixes with the residual 
liquid coolant that flowed through the condenser 14, in the evaporator 20. This 
mixture of hot gas coolant and liquid coolant causes the evaporator temperature to 
rise, similar to the embodiment depicted in FIGS. 1 and 2. 

[0035] Once the internal cabinet temperature begins to rise, the controller 
33 de-activates the solenoid valve 34 in both embodiments, quickly returning the 
cooling circuit 10 to full capacity as depicted in FIGS. 1 and 3. The above-described 
continuous run position of the cooling circuit 10 for both embodiments provides a 
refrigerated cabinet that is able to maintain a stable and precise interior cabinet air 
temperature and therefore a stable air pressure, thereby reducing the likelihood of 
moisture infiltration into the refrigerated cabinet. 

[0036] Alternatively, when the selectable toggle switch 32 is switched to 
a second position, the cooling circuit 10 operates in a cycling mode. In the cycling 
mode, the coolant bypass 30 is disengaged and the compressor cycles on and off in 
accordance with the temperature settings of the controller 33. 

[0037] The many features and advantages of the invention are apparent 
from the detailed specification, and thus, it is intended by the appended claims to 
cover all such features and advantages of the invention which fall within the true 
spirit and scope of the invention. Further, since numerous modifications and 
variations will readily occur to those skilled in the art, it is not desired to limit the 
invention to the exact construction and operation illustrated and described, and 
accordingly, all suitable modifications and equivalents may be resorted to, falling 
within the scope of the invention. 



